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Real Stats
ANSWER KEY


Chapter 7, Exercise 5

(a) Is the effect of age on fines non-linear? Assess this question by estimating a model with a quadratic age term, controlling for MPHover, Female, Black, and Hispanic. Interpret the coefficients on the age variables. 
Answer: 
Including a squared age term indicates that there is a non-linear effect of age on the amount of the fine, controlling for the variables indicated. The linear and quadratic terms are both statistically significant at conventional levels.

gen AgeSq = Age* Age
regress Amount Age AgeSq MPHover Female Black Hispanic
      Source |       SS       df       MS              Number of obs =   31674
-------------+------------------------------           F(  6, 31667) = 5358.45
       Model |  50478767.2     6  8413127.87           Prob > F      =  0.0000
    Residual |  49719368.8 31667   1570.0688           R-squared     =  0.5038
-------------+------------------------------           Adj R-squared =  0.5037
       Total |   100198136 31673  3163.51896           Root MSE      =  39.624
------------------------------------------------------------------------------
      Amount |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         Age |   -.264765   .0887955    -2.98   0.003    -.4388075   -.0907224
       AgeSq |   .0037427   .0011171     3.35   0.001     .0015531    .0059324
     MPHover |   6.873465   .0387646   177.31   0.000     6.797485    6.949445
      Female |  -3.510321   .4745993    -7.40   0.000    -4.440554   -2.580088
       Black |  -1.919675   1.018251    -1.89   0.059    -3.915487    .0761373
    Hispanic |   2.068462   1.058456     1.95   0.051    -.0061523    4.143076
       _cons |   9.867176   1.788341     5.52   0.000     6.361959    13.37239
------------------------------------------------------------------------------

(b) Sketch the relationship between age and ticket amount from the foregoing quadratic model: calculate the fitted value for a white male with 0 MPHover (probably not many people going zero miles over the speed limit got a ticket, but this simplifies calculations a lot) for ages equal to 20, 25, 30, 35, 40, and 70. [Note: Either calculate these by hand (or in Excel) from the estimated coefficients or use Stata’s display function. To display the fitted value for a 0-year-old white male in Stata, use display _b[_cons]+ _b[_Age]*0+ _b[_AgeSq]*0^2.]
Answer: 
The fitted value for a 25 year old is
. disp _b[_con] + _b[Age]*25 + _b[AgeSq]* 25^2
5.5872676
For a 30 year old, replace 25 with 30 and we get 5.29. For a 35 year old, 5.18; for a 40 year old, 5.26. For a 70 year old, 9.67. The sketch will look something like below: 
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(c) Use Equation 7.4 to calculate the marginal effect of age at ages 20, 35, and 70. Describe how these marginal effects relate to your sketch. 
Answer: 
The marginal effect of age is Age + 2Age squared × Age, which is -0.264 + 2 × 0.0037 × Age.
For a 20 year old, the marginal effect is -0.264 + 2 × 0.0037 × 20 = -0.115. (Calculate via . disp _b[Age] + 2*_b[AgeSq]* 20.) 
For a 35 year old, the marginal effect is -0.264 + 2 × 0.0037 × 35 = -0.0028.  
For a 70 year old, the marginal effect is -0.264 + 2 × 0.0037 × 70 = 0.259. For 20 year olds, increasing age by a year is associated with a lower ticket amount, as we can see in the sketch, because there is a decline in relationship between age and amount for 20 year olds.  
For 40 year olds, increasing age by a year is associated with a small (negative) change, as we can see in the sketch, because the fitted line is rather flat for 40 year olds.
For 60 year olds, increasing age by a year is associated with a higher ticket amount, as we can see in the sketch, because there is an increase in relationship between age and amount for 60 year olds.  

(d) Calculate the age that is associated with the lowest predicted fine based on the quadratic OLS model results given earlier. 
Answer: 
From the figure, we see that the minimum occurs when the marginal effect is zero. In other words, the fitted relationship flattens out at the point at which age is associated with the lowest predicted fine. This happens at the point at which the marginal effect switches from being negative to being positive. (In calculus, this is the familiar point at which the first derivative is zero.) Solving the equation for the marginal effect for the value of age such that the marginal effect is zero, we get

disp -_b[Age]/(2*_b[AgeSq])
35.370429

(e) Do drivers from out of town and out of state get treated differently? Do state police and local police treat non-locals differently? Estimate a model that allows us to assess whether out-of-towners and out-of-staters are treated differently and whether state police respond differently to out-of-towners and out-of-staters. Interpret the coefficients on the relevant variables. 
Answer: 
We estimate a model that includes out-of-town and out-of-state variables and interaction terms of state police and the out-of-town and out-of-state variables. The out-of-town and out-of-state variables indicate the effect of being out-of-town/state for local police (for whom the value of state police is zero). The sum of the coefficients on out-of-town and out-of-town times state police indicates the effect of being an out-of-towner when ticketed by a state police officer.
We see that out-of-towners have higher amounts ($1.24 more) when ticketed by local police but that this is at best marginally statistically significant (p = 0.067). Out-of-towners have higher amounts ($1.24 + $7.05 more) when ticketed by state police. The difference between state and local police (the coefficient on the interaction term) is highly statistically significant.
Out-of-staters have higher amounts ($7.50 more) when ticketed by local police and this is statistically significant (p = 0.000). Out-of-staters have higher amounts ($7.50 + $0.28 more) when ticketed by state police. The difference between state and local police (the coefficient on the interaction term) is not statistically significant (not even close, with a p value of 0.80).
The evidence indicates that local police seem to punish out-of-staters more, whereas state police seem to punish both out-of-state and out-of-town drivers equally (the amount state police fine both groups is similar: $7.78 for out-of-staters and $8.29 for out-of-towners).

gen State_OutTown 	=  OutTown	* StatePol
gen State_OutState 	=  OutState	* StatePol
regress Amount Age AgeSq MPHover Female Black Hispanic  OutTown  OutState State_OutTown State_OutState
      Source |       SS       df       MS              Number of obs =   31674
-------------+------------------------------           F( 10, 31663) = 3337.53
       Model |  51418052.6    10  5141805.26           Prob > F      =  0.0000
    Residual |  48780083.4 31663  1540.60207           R-squared     =  0.5132
-------------+------------------------------           Adj R-squared =  0.5130
       Total |   100198136 31673  3163.51896           Root MSE      =  39.251
--------------------------------------------------------------------------------
        Amount |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
---------------+----------------------------------------------------------------
           Age |  -.3404687   .0881517    -3.86   0.000    -.5132495   -.1676878
         AgeSq |   .0045785   .0011086     4.13   0.000     .0024057    .0067513
       MPHover |   6.884653   .0384564   179.02   0.000     6.809277    6.960029
        Female |  -2.974154   .4706707    -6.32   0.000    -3.896687   -2.051621
         Black |  -2.137805    1.00928    -2.12   0.034    -4.116033    -.159577
      Hispanic |   3.376823    1.05002     3.22   0.001     1.318744    5.434902
       OutTown |   1.244786   .6791252     1.83   0.067    -.0863258    2.575898
      OutState |   7.508302   .8690509     8.64   0.000     5.804929    9.211676
 State_OutTown |   7.056786   .5622632    12.55   0.000     5.954728    8.158844
State_OutState |   .2856246   1.128109     0.25   0.800    -1.925512    2.496761
         _cons |   5.184035   1.820558     2.85   0.004     1.615669      8.7524
--------------------------------------------------------------------------------

(f) Test whether the two state police interaction terms are jointly significant. Briefly explain the results.
Answer: 
We’ll use an F test as described in the chapter. Stata automates this easily with the test command: 

test State_OutTown = State_OutState = 0
 ( 1)  State_OutTown - State_OutState = 0
 ( 2)  State_OutTown = 0
       F(  2, 31663) =  106.86
            Prob > F =    0.0000

For reference, it is not difficult to conduct this F test manually. The unrestricted equation is one in which we estimate all coefficients in the model (as reported above). The restricted equation is one that does not include the two interaction terms (state police times OutTown and state police times OutState). First, run the unrestricted model and save R2 and degrees of freedom into “scalar” variables in State via
scalar R2u = e(r2)		/* Save R-squared from unrestricted model */
scalar DFu = e(df_r)	/* Save degrees of freedom from unrestricted model */
Then estimate a restricted equation (regress Amount Age AgeSq MPHover Black Hispanic Female OutTown  OutState } and save the R2 into a scalar Stata variable via
scalar R2r = e(r2)
The F statistic is calculated as
scalar Fstat = ((R2u - R2r)/1)/((1-R2u)/ DFu )
display Fstat 
106.86405
The p value for this F statistic is
display 1-F(2 , DFu, Fstat)
0
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